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Introduction
Acute respiratory tract infections are common in infants and children. Most run a short self limiting course, requiring only treatment of symptoms. Even if intubation and ventilation are required the prognosis is usually excellent in previously fit children. Deaths in children presenting with such infections raise concerns that secondary factors, unrelated to the disease itself, may be implicated.
Propofol was introduced as an anaesthetic but more recently has been used for sedating patients in the intensive care unit. We are concerned that it may have played a part in the deaths of the five children described here.
Case reports CASE 1 A previously fit girl aged 2 years 9 months (weight 12 5 kg) was admitted with a 24 hour history of increasing stridor. On examination she had a fever of 38 5°C, inspiratory stridor, and signs of upper airways obstruction. Diagnostic endoscopy and therapeutic tracheal intubation were done under general anaesthesia. At laryngoscopy the epiglottis appeared normal. Her trachea was intubated and purulent secretions aspirated. Acute bacterial laryngotracheobronchitis was diagnosed.
She was transferred to the general intensive care unit for artificial ventilation. A propofol infusion (10 mg/ml in 10% Intralipid) was started at 4-8 mg/kg/hour. Culture of the tracheal aspirate yielded a pure growth of Branhamella catarrhalis, and treatment with amoxycillin and flucloxacillin was started. The white cell count was raised (24x 109/l; 80% neutrophils). Serum biochemistry tests and chest radiography gave normal results. Over the next 24 hours her fever settled and the white count returned to normal. After 48 hours a gas leak developed around the endotracheal tube and she was extubated. However, stridor persisted and the trachea was reintubated three hours later. Increasing doses of propofol were required to maintain adequate sedation.
On day 4 she developed nodal bradycardia (rate 70 bpm) with a right bundle branch block pattern, which was unresponsive to intravenous atropine 0-6 mg. Despite the arrhythmia her blood pressure and oxygen saturation remained satisfactory, but mild metabolic acidosis was noted (base excess -7-1 mmol/l). On day 5 her condition deteriorated rapidly and her core temperature rose to 41-3°C. She was peripherally vasoconstricted and hepatomegaly was noted. The central venous pressure rose to 18 cm water. Blood specimens were lipaemic and the propofol infusion was stopped. Sepsis was thought to have caused her deterioration. A lumbar puncture and abdominal ultrasonography (which also excluded pericardial fluid) gave normal results. Cefotaxime was added to the antibiotic regimen, but no organisms were isolated from any cultures.
She required dobutamine, dopamine, isoprenaline, and adrenaline infusions in increasing doses to maintain circulation. Her inspired oxygen concentration was gradually increased to 100%. However, the bradycardia persisted and the acidaemia worsened (base excess -11 8 mmol/l, pH [7] [8] [9] [10] [11] [12] [13] [14] ; this proved refractory to Tris buffer. She died on day 5 of a pharmacologically resistant asystole.
Postmortem examination showed severe congestion of the epiglottis, larynx, trachea, and bronchi. The lungs were congested and oedematous, with no BMJ VOLUME 305 12 SEPTEMBER 1992 evidence of pus. The heart was slightly enlarged but macroscopically normal. Microscopy of the myocardium showed severe myocytolysis but no genuine myocarditis. The liver was pale and microscopy showed microvesicular fatty change. CASE 2 A 16 month old girl (weight 10 1 kg) was admitted with a 24 hour history of croup and fever (38 0°C). Over the next 12 hours her condition deteriorated and she required tracheal intubation. At laryngoscopy the epiglottis appeared normal, but the vocal cords were moderately inflamed. She was transferred to the general intensive care unit for ventilation. A propofol infusion was started (7 9 mg/kg/hour) in combination with morphine. Chest radiography showed bilateral patchy consolidation, which was treated with cefotaxime and flucloxacillin.
On the second day her fever settled, but metabolic acidosis was noted (base excess -10-5 mmol/l, arterial carbon dioxide pressure 3-3 kPa, pH 7 30). On day 3 a leak developed around the endotracheal tube, and she was extubated. The trachea was reintubated after 30 minutes when stridor recurred. On day 4 she became feverish again. On day 5 she developed nodal bradycardia with a right bundle branch block, and hepatomegaly was noted. She became oliguric despite treatment with dopamine (2 tg/kg/min) and frusemide. Her plasma potassium concentration was 6-9 mmol/l, which was treated with calcium resonium enemas and glucose-insulin infusion. Dobutamine, and subsequently adrenaline and isoprenaline, were required to maintain the circulation. Her blood specimens were lipaemic and the propofol infusion was stopped.
On day 6 she required peritoneal dialysis to control hyperkalaemia and pulmonary oedema. Bolus doses and infusions of adrenaline and isoprenaline were used to treat episodic bradyarrhythmia. Arterio-venous haemofiltration was started to treat the acidaemia and fluid overload. However, several hours later she developed asystole and could not be resuscitated. Consent for a postmortem examination was not granted. CASE 
3
A 22 month old girl (weight 12 5 kg) was admitted to hospital with acute stridor, cyanosis, and a history of hoarseness, sore throat, and fever (38°C) over the preceding 24 hours. Her trachea was intubated, and she was transferred to the regional paediatric intensive care unit. At laryngoscopy the epiglottis appeared normal but the arytenoid cartilages were red and swollen.
She was sedated with midazolam and morphine, both at 0-05-0-1 mg/kg/hour to enable ventilation, and dexamethasone 0 5 mg/kg was given. In the evening of day 2 a leak occurred around the tube and the sedation regimen was changed to propofol to allow easy awakening for extubation the next morning. However, overnight her temperature rose to 39°C and patchy consolidation in both lung fields was seen in the chest radiograph. Cefuroxime was started, and she required inspired oxygen concentrations of 80% to maintain a satisfactory arterial oxygen saturation. The sedation was changed to a propofol infusion, 10 mg/kg/hour, as planned. Her condition remained unchanged for the next two days, except that on day 5 she developed metabolic acidosis with a base excess of -9-2 mmol/l. All cultures were negative. The base excess returned to -15 mmol/l after treatment with 15 millimoles of sodium bicarbonate.
On day 6 she suddenly developed bradycardia, which proceeded rapidly to asystole. Full resuscitation was initially successful, but high dose inotropic support was needed to sustain the circulation. Except for recurrence of the acidosis, blood biochemistry tests, including ammonia and liver function tests, and haematology gave normal results but the specimens were lipaemic. Echocardiography and computed tomography of the brain showed no abnormality. She continued to deteriorate and pacing electrodes were applied directly to the myocardium at thoracotomy. After initial capture the threshold rapidly increased until no paced beats were evident, and she died seven hours later.
Postmortem examination showed bilaterally consolidated lungs with histological changes suggestive of an interstitial pneumonia, probably viral. The heart was normal, with no evidence of myocarditis. There was fatty infiltration of the liver. Specimens taken to investigate microbiology and virology gave negative results. CASE 4 A four week old girl was admitted with a clinical diagnosis of bronchiolitis. On examination she was afebrile but had a tachycardia of 160 bpm and a tachypnoea of 60/min with widespread crackles over both lung fields. Respiratory syncytial virus was later identified in her nasopharyngeal secretions.
On the day after admission she deteriorated and became cyanosed and pale. She was transferred to the general intensive care unit, where her trachea was intubated and positive pressure ventilation started. A propofol infusion (7-1-10-7 mg/kg/hour) was used for sedation. An arterial blood sample taken at the start of artificial ventilation had a pH of 7-6 and a base excess of 1-8 mmol/l.
The propofol infusion was continued throughout the next day and by the following morning she had developed metabolic acidosis with an arterial pH of and a base excess of -12-3 mmol/l. By midday her metabolic acidosis had increased (arterial pH 7 05, base excess -17* 3 mmol/l) and her serum had become lipaemic.
On day 5 she had a period of bradycardia with frequent atrial ectopics. An echocardiogram showed no abnormality but viral myocarditis was postulated. The propofol infusion was stopped but her metabolic acidosis increased with the arterial pH reaching 6-94 and the base excess -22-8 mmol/l. The bradycardia responded only limitedly to intravenous boluses of atropine, but an isoprenaline infusion increased the heart rate from 60 to 90 bpm. Her liver edge had become palpable 5 cm below the costal margin. She had established renal failure, and peritoneal dialysis was started on day 6 . In addition, she was unresponsive to painful stimuli, although the propofol had been stopped 24 hours before. Her serum ionised calcium concentration was considerably below the normal range at 0-68 mmol/l (reference range I1 19-1 -37mmol/1).
The following morning her skin perfusion progressively deteriorated. She had fixed, dilated pupils and remained completely unresponsive and died after active treatment was stopped. Permission for a postmortem examination was refused. CASE 
5
A 6 year old boy was treated by his general practitioner with orciprenaline and ampicillin after an episode of wheezing. The next morning he developed stridor and was admitted to a local hospital where his antibiotic regimen was changed to amoxycillin and chloramphenicol. Later that day he deteriorated and his trachea was intubated. His epiglottis was normal but his subglottic stenosis was so severe that only a tracheal tube with an internal diameter of 3 Propofol is solubilised as a 1% solution in an oil-water emulsion (essentially 10% Intralipid) and has a pH of 7-8. The maximum recommended rate of infusion of 10% Intralipid in infants is 1-7 ml/kg/hour (Intralipid data sheet, Kabi-Pharmacia, Milton Keynes, United Kingdom). The maximum infusion rates used in these cases were less than half this rate so the fat content of propofol mixture is unlikely to be the sole cause of the deaths.
Nevertheless, lipaemic serum was observed in all five cases after three or more days of propofol infusion. This indicates inadequate clearance of fat, although serum triglyceride concentration is a better indicator.2 3 Triglycerides and cholesterol concentrations in adults do not increase for the first 72 hours of infusion. Thereafter both increase, and triglyceride concentrations may reach four times normal after six days. 4 Pancreatitis may also be caused by severe hypertriglyceridaemia. However, there was no evidence of pancreatitis in the cases described and in its absence raised serum triglyceride concentration would not account for the cardiovascular collapse.
In critically ill patients sympathetic stimulation, cortisol, and growth hormone all increase lipolysis and fat oxidation even if carbohydrate is supplied. This results in a large increase in non-esterified fatty acids, which are a valuable energy source. The liver converts excess fatty acids to ketone bodies, which are also a valuable energy source but can contribute to acidosis. Intralipid can also contribute to acidosis by impairing liver function. Fat is deposited in the liver in any condition where there is a rapid turnover of lipid5 and was observed at necropsy in cases 1, 3, and 5. Although results of liver function tests remained normal, impaired hepatic handling of lactate may have contributed to acidosis. This is speculative since lactate levels were not measured in these cases, and the acidosis was not pursued as vigorously as perhaps it should have been.
PROPOFOL IN ADULTS
The use of propofol infusions for intensive care sedation in adults has been well documented. In a multicentre trial comparing propofol with midazolam in 101 critically ill patients (average infusion rates 1-77 mg/kg/hour) blood pressure was slightly reduced in both groups and heart rate was lower in the propofol group.' Recovery was more rapid with propofol, which was thought to compare favourably with midazolam. Harris et al sedated 15 ventilated patients for up to 189 hours using propofol infusions of up to 3-73 mg/kg/hour.7 Bolus doses of papaveretum were added as required. Beller et aP used rates of up to 3 mg/kg/hour for 96 hours to assess recovery time. In each case recovery was rapid, and no evidence of accumulation seen. Cook4 used propofol as the sole agent for six days in 10 ventilated patients. Most patients received 300 to 400 mg/hour, but some required 500 mg/hour. Blood pressure fell by 30-40 mmHg but there were no associated changes in heart rate. Recommended infusion rates for intensive care in adults are 1-4 mg/kg/hour.9 EFFECTS OF PROPOFOL Propofol causes systemic vasodilatation and a relative bradycardia, possibly by resetting the baroreceptor reflex.'0 The fall in pulse rate is greater in children, perhaps because of their higher resting vagal tone." Children require comparatively larger doses than adults for both induction and maintenance of anaesthesia because of pharmacokinetic and pharmacodynamic factors. 2 Propofol is metabolised in the liver to quinol glucuronides, propofol glucuronide, and 4-quinol sulphate, with propofol glucuronide predominating. The pKa of glucuronides is generally 3-4, whereas that of the sulphate is less than 1. 
CONCLUSIONS
We described five cases of fatal myocardial failure complicating respiratory tract infection in children. The onset of metabolic acidosis, bradyarrhythmia, and heart failure were originally ascribed to sepsis or a viral myocarditis. However, no clinical or pathological evidence was found for either diagnosis. These cases coincided with the use of high dose propofol infusions for sedation. There is no single ideal sedative for use in intensive care, thus almost any new anaesthetic drug, particularly if it has a short half life and thus allows a rapid recovery, will be examined as a suitable sedative whether it is licensed for such use or not. Propofol was thought to be appropriate in these cases in which early extubation was expected. Many drugs regularly used in anaesthesia and intensive care are not licensed for use in paediatrics,7 and extrapolation from adult experience is questionable bearing in mind the differing physiology and disease spectrum encountered in paediatric practice. Perhaps the most important lesson to be learnt from these cases is that using a mixture of complementary analgesic, sedative, and relaxant agents at doses well below their potential toxic range is safer than using a single agent at a necessarily high dose. Propofol will probably prove safe at a lower dose than used in these children, but until further data delineating the appropriate dose range are available it should not be used in paediatric intensive care. Resolutions were adopted in favour of a simple earth-toearth burial with the use of antiseptics, and recommending cemetery authorities to take special precautions for the preservation of the health of mourners in inclement weather.
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